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Abstract: The aim of the present study was to assess the state of conservation of the fossilized skin fragment assigned to Mylodon listai 
preserved in a showcase of the Paleontology Hall of the Museum of La Plata. To this end, we conducted a volumetric aerobiological 
sampling both inside the showcase and in the hall to detect the presence of fungal load that could alter its preservation. We also 
determined the environmental parameters both inside and outside the showcase. The aerobiological sampling inside the showcase 
showed 3061.50 spores/m3 corresponding to 22 fungal types, while in the hall, 2283.20 spores/m3 corresponding to 14 fungal types 
where detected. Cladosporium was the most important type in all the sampling points. The temperatures recorded were lower than 
those recommended for the conservation of leather and the relative humidity values were acceptable in 70% of the record for this 
material
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Estudio del estado de conservación del fragmento de piel de Mylodon listai (Xenarthra-
Mylodontidae) del Pleistoceno argentino conservado en el Museo de La Plata (Argentina)
Resumen: El objetivo del presente trabajo fue evaluar el estado de conservación de un fragmento fósil de cuero de Mylodon listai 
conservado en una vitrina de la Sala de Paleontología del Museo de La Plata. Se realizó un muestreo aerobiológico volumétrico en el 
interior de la vitrina y en la Sala con el objeto de detectar la presencia de carga fúngica que pudiera alterar su preservación. Se relevaron 
parámetros ambientales en el interior y exterior de la vitrina. El muestreo aerobiológico reveló en el interior del expositor un total 
de 3061.50 esporas/m3  y 22 tipos fúngicos mientras que en la sala se cuantificó un total de 2283.20 esporas/m3 y 14 tipos fúngicos. 
Cladosporium sp. fue el máximo exponente identificándose en todos los puntos del muestreo. Las temperaturas registradas en la vitrina 
son menores a las recomendadas y la humedad relativa es aceptable en un 70% del registro para la conservación de cuero.
Palabras clave: monitoreo ambiental, carga fúngica, conservación preventiva, Milodon listai, Museo La Plata.
Estudo do estado de conservação do fragmento de pele de Mylodon Listai (Xenarthra-
Mylodontidae) do Pleistoceno argentino conservado no Museu da Plata (Argentina)
Resumo: O objetivo deste estudo foi avaliar o estado de conservação de um fragmento fóssil de couro de Mylodon listai conservado 
numa vitrina na sala de Paleontologia do Museu da Plata. Levou –se a cabo uma recolha de amostras aerobiológicas volumétrico 
no interior da vitrina e na sala com o objetivo de detetar a presença de carga fúngica  que pudesse ter alterado a sua conservação. 
Encontraram-se parâmetros ambientais no interior e no exterior da vitrina. A recolha de amostras revelou que no interior do expositor 
havia um total de 3061.20 esporos de fungos / m3 e 22 tipos de fungos enquanto que na sala quantificaram-se um total de 2283.20 
esporos de fungos / m3 e 14 tipos de fungos. O Cladosporium sp. Foi o máximo expoente identificado em todos os pontos da recolha 
de amostras. As temperaturas registadas na vitrina são menores às recomendadas e a humidade relativa é aceitável em 70% do registo 
para a conservação do couro.
Palavras-chave: monitoramento ambiental, carga fúngica, Conservação preventiva,  Mylodon listai,  Museu de La Plata
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Although there is no consensus on the range of temperature 
and relative humidity required to conserve collections, 
each specimen or part has specific requirements which are 
dependent on their composition and state of preservation. 
Also, intradiurnal fluctuations of temperature and relative 
humidity play a preponderant role in preservation. If these 
fluctuations are significant, they may constitute a major 
problem because they may promote stress that can damage 
the specimen, sometimes being irreversible (Michalski, 
2007). The aim of the present study was to assess the state 
of conservation of the skin fragment assigned to Mylodon 
listai displayed in a showcase located in the Vertebrate 
Paleontology Hall of the Museum of La Plata, and monitor 
the fungal spore load and environmental conditions 
associated with this hall.
Materials and methods
Study site
The Exhibition Hall of Paleontology of Cenozoic Vertebrates 
of the Museum of Natural Sciences of La Plata that hosts 
the Mylodon listai skin fragment studied in the present 
work is located on the ground floor. This hall has an area of 
approximately 70 m2 and is connected to other immediate 
Paleontology Halls, which host fossils of other geological 
ages. The walls of this hall are covered by 20 closed showcases 
that host various fossils. The center of the room displays a 
reconstruction of the life in the past based on large mammal 
fossils (“megafauna”), remains which have been preserved 
from the organisms, and signs of their activity [figure 1.1]. 
Room lighting in the hall is natural through windows, 
whereas that inside the showcases is artificial.
The showcase of the genus Mylodon is 1.30 m high, 1.50 m 
wide and 0.55 m deep, is built in wood and glass, and has 
a constant warm fluorescent lighting during the opening 
hours of the Museum. In addition to the biological remains, 
there are two explanatory posters of the site of discovery, 
characterization of Mylodon and the geographic location of 
the cave “Última Esperanza” in the Austral Patagonia of Chile 
[figure 1.2].
Sampling
Collection of aerobiological samples 
Air samples from both the Exhibition Hall and the inside of 
the showcase were collected through a volumetric system, 
which consists in taking air samples with a Z-LiteIAQ vacuum 
pump calibrated at 15 l/m, connected to a disposable Air or 
Cell® cassette. Each sample was the result of the air particles 
captured during the passage of air through the cassette for 
5 minutes. We followed a diagonal sampling design, taking 
three reference points (upper, middle and lower sectors), 
both within the hall and inside the showcase, according to 
the FEDECAI-01 standards (2007).
Introducción
The collections of the Division of Vertebrate Paleontology at 
the Museum of Natural Sciences of La Plata (La Plata, Buenos 
Aires, Argentina) host more than 120.000 specimens from 
cataloged fossil vertebrates. These scientific collections have 
more than 500 type specimens and 2300 figured specimens 
(www.museo.fcnym.unlp.edu.ar). These collections, many of 
which were obtained by reference naturalists as F.P. Moreno, 
F. and C. Ameghino, R. Hauthal, A. Mercerat and S. Roth, 
among others, in the second half of the nineteenth and 
early twentieth centuries, testify the past 250 million years of 
evolution in the extreme south of the American continent. 
In the last decades, other important collections due to their 
variety or number of specimens have been added to these 
collections.
The Museum of La Plata has on display a Mylodon listai skin 
fragment and remnants of fecal matter that were found by 
the German soldier Hermann Eberhardt in 1895 in the Cave 
“Última Esperanza” located in the Magallanes province in the 
Austral Patagonia of Chile. In 1897, such site was visited by 
Francisco P. Moreno, who took the skin fragment to London, 
England, for its study in 1898. A fragment of this skin was 
then taken to the Museum of La Plata in Argentina (Moreno & 
Woodward, 1899; Martinic, 1996). The material found lacked 
the head and extremities. Its skin was very hard, about 10-
15 mm thick, composed of bony plates called osteoderms 
and thick 3-5-cm-long blond hairs. Carbon-14 studies 
carried out in the Laboratory of Tritium and Radiocarbon of 
the Museum of La Plata allowed assigning the material an 
average age of 11-12 thousand years, which corresponds to 
the end of the Pleistocene (Tonni et al., 2003). 
Mylodon listai (Xenarthra-Mylodontinae) was a large 
quadruped herbivorous belonging to the same group as 
current armadillos, anteaters and sloths, with the ability to 
stand in two legs. It was 1.50 m tall x 75 cm wide and it 
could weigh one ton. From the taxonomic point of view, 
researchers have not reached a consensus about the 
number of valid taxa for the genus Mylodon (Kraglievich, 
1934; Esteban, 1996; Tonni et al., 2003). The following 
species have been included in it: Mylodon darwini Owen 
and Mylodon insigne Kraglievich, from the Pampean 
region, and Mylodon listai Ameghino, from the Argentine 
Patagonian region and similar regions in Chile (Brandoni 
et al., 2010).
The Museum of La Plata conserves objects and material 
which form part of the material memory of our ancestors, 
and plays a vital cultural and educational role for the whole 
country. Thus, a good state of conservation of both its 
building structure and the environmental context where 
the collections are hosted is vital to keep the material in 
good condition and minimize natural progressive ageing. 
Records of relative humidity, temperature, light intensity, 
light quality, and pest control, as well as of the conditions 
of exposure, storage, maintenance (cleaning, periodic 
controls), and handling of the material should be a priority. 
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Each cassette sample obtained was processed using the Air 
or Cell® protocol, mounted, and stained with lactophenol 
cotton blue for its analysis. Samples were observed with 
an optical magnification of 400 X, covering 100% of the 
sampled surface. Bioaerosols, particularly fungal spores, 
were identified using reference atlases (Käärik et al., 1983; 
Barnet and Hunter, 1987; Grant Smith 1990; Lacey and 
West, 2006; Nitiu et al., 2010) and specialized databases. 
The concentration of each air particle/m3 was estimated 
following Baxter’s procedure (2006).
Characterization of the skin, isolated fossil hairs and 
coprolite
The skin was macroscopically observed with binocular 
lenses 4.8 X to characterize it and distinguish possible 
fungal structures on its surface. The isolated fossil hairs 
available at the base of the showcase were processed 
according to the technique of Arita and Aranda (1987) 
and characterized with an optical microscope. On the 
other hand, the material destined for scanning electron 
microscope was processed following the protocol of 
Bozzola and Russel (1991). Photomicrographs were 
obtained from both techniques. With respect to the 
coprolite, we followed the direct contact technique, 
according to the protocol previously described (Nitiu et 
al., 2015).
Analysis of temperature and relative humidity
The HOBO Temp/RH data logger records temperature 
and relative humidity (within 2.5% accuracy) in indoor 
environments with its integrated sensors. The device was 
placed inside the showcase and two similar data loggers 
were placed in the Paleontology Hall to record the values 
of temperature and relative humidity in both sectors. 
These values were then analyzed by means of graphs and 
tables.
Figure 1.- Hall of Paleontology of Pleistocene Vertebrates of the Museum of La Plata, La Plata. 2, Showcase where the skin fragment of 
Mylodon listai is kept.
Results
To obtain an atmosphere as stable as possible in terms of 
microorganisms and physical variables, the sampling was 
carried out on September 30th, 2015, between 8 and 10 
o’clock a.m., a lapse in which the Museum is still closed to 
the public. The relative humidity and temperature of the hall 
during the sampling period were 59% and 15°C respectively, 
whereas those inside the showcase were 57% and 16°C 
respectively.
Aerobiological study
The aerobiological analysis inside the showcase allowed 
quantifying a total of 3061.50 spores/m3, corresponding 
in the three sampling points to a mycobiota represented 
by 22 fungal types. In the lower and middle sectors of the 
showcase, the fungal load did not exceed 800 propagules/
m3, with only 10 morphological types in each sector, 
whereas the upper sector revealed greater concentration 
and richness of fungal taxa [table 1].
Fungal taxa such as Cladosporium cladosporioides, Agrocybe 
sp., Coprinus sp. and Agaricus sp. were represented in 
the three sectors, with C. cladosporioides being the most 
abundant, with 76.09%, 39.29% and 39.81% in the upper, 
middle and lower sectors respectively.
The area outside the showcase (the hall) revealed a total of 
2283.20 spores/m3 corresponding to 14 fungal types, with 
639.98 spores/m3, 518.91 spores/m3 and 1107 spores/m3 
contributed by 7, 10, and 11 morphological types in the 
upper, middle and lower sectors respectively. Spores of C. 
cladosporioides, Agrocybe sp., Agaricus sp., Coprinus sp., 
Leptosphaeria type, and Didimospora type were common 
to all sites. The lower sector was characterized by the 
Leptosphaeria type, with 23.68%, whereas the middle and 
upper sectors were characterized by the presence of C. 
cladosporioides, with 40% and 42.19% respectively [table 2].
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showed a compact surface with waxy depositions 
vulnerable to treatment with xylol [figures 2.2, 5]. In 
addition, we observed cracks along the hair structure, 
which were possible signs of dehydration. We identified no 
fungal colonies, hyphae or propagules associated with the 
fur. Optical microscopy also revealed the absence of bone 
marrow [figures 2.3, 6]. Direct observation of the contact 
samples of the coprolite allowed identifying no fungal 
hyphae or structures on the surface.
The air of the hall also presented skin flake-like organic 
fragments and other opaque particles associated with 
environmental dust (data not recorded).
Macroscopic naked-eye observations of the skin allowed 
recognizing an extremely hard skin, with light-yellow 
3-5-cm-long hairs ending in a narrower blunt tip [figure 
2.1, 4] Although the diameter of the hair was uniform, the 
basal area was slightly narrower. The electron microscope 
Table 1.- Spores types identified at the three sampling heights (sectors) inside the showcase where the skin of Mylodon listai is kept
Table 2.- Spores types identified at the three sampling heights (sectors) of the Paleontology Hall.
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Discussion and conclusions
The Vertebrate Paleontology Halls of the Museum of La 
Plata are home to important paleobiological collections 
that provide support to the historical information about the 
natural environment and evidence of primitive life (Brook 
et al. 2015). The Mylodon is a reference fossil of the late 
Pleistocene and early Holocene of the south of Argentina, of 
which scarce fractions are kept in the world. Thus, the skin 
fragment kept at this Museum is of great heritage value for 
the institution, and actions aimed at its preservation and 
long-term conservation are essential.
It is well known that the air inside each museum is 
characterized by the building materials, furniture and types 
of showcases used, but also by microclimatic parameters, 
ventilation systems and lighting of each hall or showcase, 
which, together with the different materials and textures 
that make up the cultural/patrimonial property, may 
contribute to the presence and growth of bioaerosols 
(Shelton et al., 2002). In addition, the anthropogenic activity 
can play a very important role either due to its involuntary 
action as a means of transport of particles or for being a 
potential substrate for the development of different fungal 
structures (Van Duin, 2014).
In the present study, the analysis of the mycological load of 
the environment of the Paleontology Hall and the inside of 
the showcase where the Mylodon skin fragment is displayed 
Figure 2.- Photomicrograph of fossil hair obtained by optical microscope (1-3) and by scanning electron microscope (4-6). 1, Detail of 
the blunt tip of the hair (Scaling = 20µm). 2, Detail of the hair surface. (Scaling = 10µm). 3, Detail of the inner section of the hair where 
the absence of bone marrow is observed. (Scaling = 20µm). 4, Detail of the blunt tip of the hair (Scaling = 200µm). 5, Detail of the hair 
surface (Scaling = 100µm). 6, Detail of the inner section of the hair where the absence of bone marrow is observed (Scaling = 200µm). 
showed the presence of 22 morphological types, which 
contributed to a total of 1020.50 spores/m3. On the other 
hand, the microbiology of the atmosphere of the hall was 
represented by 14 spore types, which contributed an average 
of 761.06 spores/m3. These differential values of richness and 
concentration between both sites could be due to the fact 
that the hall has wide connections with other adjacent areas 
where the atmosphere may be a key element as a means 
of transportation for particles, generating a cleaning effect 
and decreasing the concentration of particles, whereas the 
showcase is an enclosed space with low air current and 
possibility of removal (Borrego & Perdomo 2014). 
The analysis of spore richness and total concentration at 
the different heights of the hall and the showcase showed 
larger values in the upper sectors in both sites. This may 
indicate that the atmosphere in the upper sector is more 
stable or less disturbed by anthropogenic activity or by 
the environmental flow than that in the lower sector. These 
results are similar to those of Khattab and Levetin (2008) 
but different from those of Atluri et al., (1988) and Rantio-
Lethimaki et al., (1999), who reported lower concentrations 
of this spore type as the sampling height increases.
With respect to the other three spore types that were 
common to both sites, Agrocybe presented slightly greater 
concentrations in the upper sector of the showcase, Agaricus 
had a similar behavior in the hall, and Coprinus showed 
similar concentrations at the different sampling heights. 
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problems in the biodeterioration of specimens (Pinzari et al., 
2004). 
Considering that the specimen studied was a skin fragment, 
we determined the reference values recommended for the 
conservation of the category “skin” (UNI10829:1999 Norm), 
which considers optimal values of relative humidity those 
between 45% and 60% and optimal values of temperature 
those between 19°C and 24°C. In our study, the temperatures 
recorded by the data loggers at both sites were lower than 
the recommended ones. However, we must consider that the 
sampling was carried out in winter and that these values are 
thus acceptable. Analysis of the histogram of temperature 
and relative humidity showed that the temperature in the 
hall behaved similarly to that inside the showcase and that 
the values of relative humidity showed greater dispersion 
[figure 3]. 
Although we must consider each spore type in particular, 
several authors agree that small spores are commonly 
found at higher heights and large spores at lower heights 
(Khattab & Levetin, 2008).
The fact that 11 of the spore types found were common 
to both sampling sites would indicate the existence of 
some kind of connection between sites, mainly by the 
lower sector of the showcase, where you have access to 
it. The spore types involved were mostly representatives 
of the Phyla Ascomycota, with the anamorphs Aspergillus-
Penicillium sp., Botrytis sp., Cladosporium cladosporioides and 
Cercospora sp., and teleomorphs such as Leptosphaeria sp. 
and Caloplaca sp. We also identified Basidiomycota spores: 
Agaricus sp., Agrocybe sp., Coprinus sp. and Ganoderma 
sp., as well as representatives morphologically related to 
Myxomycota (Phylum Mycetozoa). Cladosporium sp. was the 
most important spore type in the three sampling sectors of 
both sampling sites. Singh (2003), Florian (2004), Valentin 
(2010) and Solís (2011) reported Cladosporium sp. as one of 
the main pollutant genera of interior rooms at global level 
and as a spore type commonly isolated in homes, archives, 
libraries and museums (Walter, 2003; Gutarowska, 2010).
Our macroscopic and microscopic observations confirm the 
absence of bone marrow of the hair of the skin fragment 
of Mylodon listai, described by Ridewood in 1901 and 
mentioned by Arzani et al., (2014).
The development of microorganisms, including that of 
environmental fungi, stops when the activity of the support 
water is lower than that needed to remain in a resistance 
phase for a variable period of time (García Miniet & Sánchez 
Espinosa, 2012). In the case of spores, the resistance phase 
can be extended for years, thus not being alarming for the 
development of biodeterioration (Florian, 2004).
Despite the presence of suspended spores, the absence of 
signs of deterioration both in the skin and hair is a clear sign 
of the good state of conservation of the Mylodon specimen 
hosted at the Museum of La Plata. However, the fall of the 
hairs from the skin continues to be a concern that needs to 
be clarified and controlled. In this sense, photochemical and 
hydrothermal stability processes (González Álvarez, 2005) or 
molecular strategies to obtain nucleic acids from fossilized 
dehydrated biological material may help determine the 
need to maximize the preservation of materials of biological 
collections.
The vegetative state of fungi, either as unicellular fungi or in 
the form of mycelia, is a key physiological state in the process 
of degradation of various media used as growing substrates 
(Guiamet et al., 2006; Cappitelli & Sorlini, 2010; Rodriguez 
García 2016). Under appropriate temperature and relative 
humidity conditions, the mycobiota can latently coexist 
with museum specimens in the state of spores. However, 
an increase in temperature and relative humidity can 
lead to the activation of the propagules as well as to their 
germination and mycelial development, generating serious 
Figure 3.- Histogram of the temperature and relative humidity of 
the Paleontology Hall and of the inside of the Mylodon showcase, 
obtained between July 12th 2015 and July 18th 2015.
On the other hand, the daily variation of temperature 
recorded by the data loggers was higher than the 
recommended one and the daily variation of relative 
humidity in the showcase was optimal in six of the seven 
days analyzed, although that in the hall was higher than the 
recommended one in half of the days [figure 4]. In addition, 
42% of the relative humidity values recorded in the hall and 
70% of the values recorded inside the showcase were within 
those recommended for the conservation of skin.
Figure 4.- Variation in the daily temperature and relative humidity 
of the Paleontology Hall and the Mylodon showcase. Relative 
humidity and temperature limits for the preservation of skin.
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Although most of the fungal types identified are 
representatives of ubiquitous indoor genera, the presence 
of Aspergillus/Penicillium and Cladosporium alerts on 
the need to carry out a continuous scrutiny given their 
significance as environmental contaminants (Hyvärinen, 
2001; Xu & Yao, 2011).
Given the historical importance of the skin fragment 
of Mylodon as well as that of other related specimens 
for the Paleontology of the South American region, the 
early detection of biological or physical agents with 
possible negative action is essential to minimize the 
natural progressive ageing and avoid potential problems 
and losses by biodeterioration that may impact on the 
patrimonial history of such region.
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